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PRE -EMPHASIS CIRCUITRY AND METHODS 



Background of the Invention 

[0001] This invention relates to circuitry for use 

in transmitters in differential or single-ended 
5 signalling circuitry or systems. 

[0002] In order to compensate for losses in the 

transmission of data signals -- especially in digital 
systems operating at high speeds with low voltage 
signals it may be desired to give the data signals 

10 what is called pre-emphasis . Pre-emphasis is extra 

power (usually extra voltage, but extra current may be 
an equivalent) immediately adjacent each transition in 
the level of the digital data signal. Pre-emphasis 
(provided by the circuitry transmitting the signal) 

15 helps to compensate for losses in transmission of the 
signal to receiver circuitry, and thereby helps the 
receiver circuitry respond more correctly to each 
transition in the transmitted signal. 

[0003] Known pre-emphasis circuitry (e.g., for low 

20 voltage differential signalling ("LVDS")) may benefit 
from improvement, especially as systems attempt to use 
lower and lower power supply voltages. For example, 
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such known LVDS pre-emphasis circuitry may employ both 
PMOS and NMOS transistors in an H-bridge type of 
topology, but PMOS transistors are inherently slower in 
switching and take more layout area. Also, this type 
5 of output driver circuitry needs common-mode feedback 

circuitry for better control of common mode swing under 
process corners. In addition, this type of circuitry 
requires higher supply voltages due to the stacked 
transistors, and thus headroom is an issue. 

10 Summary of the Invention 

[0004] In accordance with this invention, circuitry 

for giving pre-emphasis to a pair of differential 
output signals emanating, respectively, from a pair of 
output nodes includes first and second current 
15 circuits, and switching circuitry that responds to an 
input signal by initially connecting both of the 
current circuits to only one of the output nodes, and 
by subsequently connecting one (but not the other) of 
the current circuits to the other output node if there 

2 0 has been no change in the input signal for a 

sufficiently long time. The current circuits may be 
current sinking circuits, and each of the output nodes 
may have a connection through a respective resistor to 
a power supply voltage source. A time delay between 
25 the initial and subsequent conditions of the switching 
circuitry may be established by clocking the input 
signal through a plurality of cascaded registers (flip- 
flops) . This time delay (which is approximately the 
duration of the pre-emphasis) may be equal to the 

3 0 duration of a pulse in the input signal or a fraction 

of the duration of a pulse in the input signal. 
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[0005] A method in accordance with the invention for 
giving pre-emphasis to differential signals at a pair 
of output nodes includes connecting first and second 
current circuits to only a selected one of the nodes in 
5 response to receipt of an input signal, and, after a 

time delay interval, connecting only the second of the 
current circuits to only the one of the nodes to which 
the current circuits were not connected prior to the 
time delay if there has been no change in the input 

10 signal for a sufficiently long time. 

[0006] The two immediately preceding paragraphs 

specifically mention only differential signalling. But 
single-ended (i.e., non-differential) signalling is 
also within the scope of the invention (e.g., by using 

15 as an output signal only the signal at one of the two 
output nodes mentioned in the two preceding 
paragraphs) . The two immediately preceding paragraphs 
also specifically mention only two current circuits in 
the pre-emphasis circuitry. But more current circuits 

20 can be added, if desired, to produce pre-emphasis 
having more steps . 

[0007] Further features of the invention, its nature 

and various advantages, will be more apparent from the 
accompanying drawings and the following detailed 
25 description of the preferred embodiments. 

Brief Description of the Drawings 

[0008] FIG. 1 is a simplified block diagram of 

illustrative circuitry that can be constructed and 
operated in accordance with the invention. 
30 [0009] FIG. 2 is a simplified schematic diagram of a 

component that can be included in the FIG. 1 circuitry 
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and that can be constructed and operated in accordance 
with the invention. 

[0010] FIG. 3 is a more detailed, but still 

simplified, schematic diagram of an illustrative 
5 embodiment of a portion of the FIG. 2 circuitry in 
accordance with the invention . 

[0011] FIG. 4 is a more detailed, but still 

simplified, schematic diagram of an illustrative 
embodiment of another portion of the FIG. 2 circuitry 
10 in accordance with the invention. 

[0012] FIG. 5 shows simplified, illustrative 

waveforms that are useful in explaining the invention. 

[0013] FIG. 6 shows more, simplified, illustrative 

waveforms that are useful in explaining the invention. 
15 [0014] FIGS. 7 and 8 are respectively similar to 

FIGS. 5 and 6, but show other illustrative waveforms 
that are useful in explaining alternative modes of the 
invention . 

[0015] FIGS. 9 and 10 are respectively similar to 

20 FIGS. 3 and 4, but show another illustrative embodiment 
of circuitry in accordance with the invention. 

[0016] FIG. 11 shows simplified, illustrative 

waveforms that are useful in explaining illustrative 
operation of the FIGS. 9 and 10 circuitry in accordance 
25 with the invention . 

[0017] FIG. 12 is a simplified block diagram of 

illustrative circuitry employing the invention. 

[0018] FIG. 13 is a simplified block diagram of an 

illustrative system that can make use of the invention. 

3 0 Detailed Description 

[0019] Most of the following detailed description 
assumes that differential signalling is being used. 
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However, the invention is also applicable to non- 
differential, single-ended signalling. Use of the 
invention for such single-ended signalling will be 
explained at appropriate points in the following 
5 discussion. 

[0020] An illustrative system 10 employing digital 
signalling is shown in FIG. 1. System 10 includes 
transmitter circuit 20, receiver circuit 40, and a 
communication link 30 (including two conductors 32a and 

10 32b) extending from circuit 20 to circuit 40. 

Communication link 30 is a differential signalling 
link, which means that different digital values are 
signalled ±>y whether the voltage of the signal on lead 
32a is higher than the voltage of the signal on lead 

15 32b or vice versa. For example, digital value 1 may be 
represented by the voltage on conductor 32a being 
higher than the voltage on conductor 32b, and digital 
value 0 may be represented by the voltage on conductor 
32b being higher than the voltage on conductor 32a. 

20 Typically in differential signalling it is desired for 
the average of the voltages on the two leads 32 (i.e., 
the so-called "common mode" voltage) to be 
substantially constant. There are a number of 
differential signalling protocols that can be supported 

25 by this invention. Examples of such protocols that are 
"industry standard" are LVDS and current mode logic 
( "CIVIL" ) signalling. However, many variations of these 
standards can be supported by the invention, as can 
many non-standard protocols. 

30 [0021] FIG. 2 shows an illustrative output driver 22 

that can be included in transmitter circuit 20 in 
FIG. 1. The purpose of driver 22 is to convert a data 
signal (e.g., generated elsewhere in transmitter 
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circuit 20) to a form suitable for application to 
conductors 32a and 32b. Driver 22 may employ a "true" 
version ( M V+") of the data signal, and a "complement" 
(inverted) version ("V-") of the data signal (or driver 
5 22 may receive only one of these signals and may itself 
generate any necessary inverted version of the received 
signal) . Driver 22 responds to the V signal (s) by 
producing signals on leads 32a and 32b that represent 
the data content of the V signal (s) and that are 

10 consistent with the various parameters of the 

differential signalling protocol being employed in 
communication link 30. For example, these various 
parameters may include maximum and minimum voltages, 
permissible common mode voltage, polarity of voltage 

15 difference to represent data 1 and data 0, etc. 

Advantageously, output driver 22 is also designed in 
accordance with this invention to provide pre-emphasis 
associated with every transition in the data signal. 
This pre-emphasis is extra voltage in the TXOP and TXON 

20 signals on leads 32a and 32b for a certain amount of 

time immediately following every transition in the data 
signal. An illustrative embodiment of circuitry for 
implementing output driver 22 in accordance with this 
invention is shown in FIGS. 3 and 4. 

25 [0022] In the circuitry shown in FIG. 3 VDD is the 

power supply voltage. Resistor Rl is connected in 
series between VDD and output node or connection TXON. 
Resistor R2 is similarly connected in series between 
VDD and output node or connection TXOP. NMOS 

30 transistor 52-1 is connected in series between node 

i 

TXON and current sink Imain. NMOS transistor 52-2 is 
similarly connected in series between node TXOP and 
current sink Imain. Current sink Imain can be a 
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conventional circuit element of the type that attempts 
to conduct a fixed, constant amount of current from its 
input (transistors 52-1 and 52-2) to its output (ground 
or VSS) . " Imain" is also sometimes used herein as a 
5 reference for the fixed amount of current that this 

element attempts to conduct- (Although described above 
as a current "sink," this and other such elements 
herein may be alternatively referred to as a current 
"source" or as a current "circuit.") For convenience 

10 herein, elements 52-1, 52-2, and Imain may sometimes be 
referred to as a "main" current block 50. 
[0023] Another block generally similar to block 50 
is also included in FIG. 3. This other block -- 
"auxiliary block" 60 -- includes NMOS transistors 62-1 

15 and 62-2 and current sink Iaux. Transistor 62-1 is 

connected in series between node TXON and current sink 
Iaux. Transistor 62-2 is similarly connected in series 
between node TXOP and current sink Iaux. Current sink 
Iaux is generally like current sink Imain in that it 

2 0 tries to conduct a constant current (also referred to 
as current Iaux) from its input to ground. 
[0024] The signals V(n)+, V(n)-, V(n-1)+, and 

V(n-l)- for controlling transistors 52-1/2 and 62-1/2 
in FIG. 3 may be produced as shown in FIG. 4. The data 

25 signal to be output is applied to the D input terminal 
of register or flip-flop circuit 80. A timing or 
waveform diagram of this data signal is shown in the 
upper part of FIG. 5. This part of FIG. 5 shows that 
each successive bit of information (whether a data 1 or 

30 a data 0) persists in the data signal for a period of 
time approximately equal to TD. Transitions can occur 
in the data signal at times like Ti , T j , Tk, etc. 
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[0025] Flip-flop 80 is clocked by a clock signal 

having frequency and phase relative to the data signal 
generally as shown in FIG. 5. In this particular 
example, the period TC of the clock signal is half the 
5 nominal duration TD of each successive data value in 

the data signal, but other relationships between TC and 
TD (e.g., TC=TD, TC=TD/3, TC=TD/4 , etc.) are also 
possible as will be explained in more detail below. 
Also in this example, every other positive-going 

10 transition in the clock signal is delayed slightly 

relative to possible transitions in the data signal. 
For example, positive-going clock signal transition is 
slightly delayed (by an amount of time d) relative to 
data transition time Ti . Flip-flop 80 responds to a 

15 positive-going transition in the clock signal by 

latching in and (after a short time delay) putting out 
(as Ql) the value of the data signal applied to its D 
input terminal when the positive-going transition in 
the clock signal occurred. 

20 [0026] The Ql output signal of flip-flop 80 is 

applied to the D input terminal of register or flip- 
flop 92. The Ql output signal of flip-flop 80 is also 
passed through transmission gate 82, which preferably 
has the same propagation delay as flip-flop 92. The 

25 output signal of transmission gate 82 is passed through 
buffer 84 to become the V(n)+ control signal for the 
circuitry shown in FIG. 3. The complement of the V(n)+ 
signal is the V(n)- control signal for the circuitry 
shown in FIG. 3. Those skilled in the art will 

3 0 appreciate that it is a straight - forward matter to 
generate complement signal V(n)- from true signal 
V(n)+. 
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[0027] Turning now to flip-flop 92 in more detail, 

this device is clocked by the same clock signal as 
flip-flop 80. Flip-flop 92 therefore outputs (as Q2) 
the same data that flip-flop 80 outputs, but one full 
5 clock cycle after that data is output by flip-flop 80. 
The Q2 output signal of flip-flop 92 is passed through 
buffer 94 to become the V(n-1)+ control signal for the 
circuitry shown in FIG. 3. The complement of 
V(n-1)+ (again produced in a straight -forward way from 

10 V(n-1)+) is the V(n-l)- control signal for the 

circuitry shown in FIG. 3. As has been mentioned, the 
transmission delays of elements 82 and 92 are 
preferably approximately the same. The transmission 
delays of elements 84 and 94 are also preferably the 

15 same. 

[0028] To expressly state what should already be 

clear from what has been said above, V(n-1)+ is V(n)+ 
delayed by one cycle of the depicted clock signal, and 
V(n-l)- is V(n)- similarly delayed by one cycle of the 

20 depicted clock signal. FIG. 6 shows V(n)+ and V(n-1)+ 
for an illustrative data stream, which happens to 
transition at every possible data transition time. For 
reference, FIG. 6 also shows the associated starting 
data signal, the clock signal, and the output signals 

2 5 TXON and TXOP (with pre -emphasis as shown by the shaded 
areas) that result from operating the FIG. 3 circuitry 
with V control signals as illustrated (in part) in 
FIG. 6. Each waveform in FIG. 6 has a separate 
vertical axis (which is voltage) . 

30 [0029] Considering FIG. 6 now in more detail, at 

data transition time Ti the data signal transitions 
from low to high. In response to the next positive - 
going transition in the clock signal, flip-flop 80 
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(FIG. 4) latches in and very shortly thereafter begins 
to output that high data value. Very soon thereafter, 
this causes V(n)+ to go high. (For simplicity in the 
further discussion that follows, the input- to-output 
5 delays of elements like 80, 82, 84, 92, and 94 will 

generally be ignored.) With V(n)+ high, V(n)- is low. 
V(n-1)+ is still low from the effect of the earlier low 
data value. This means that V(n-l)- is still high from 
that earlier data value. These values of V(n)+ and 

10 V(n)- cause transistor 52-1 to turn on and transistor 
52-2 to turn off. The unchanged values of V(n-1)+ and 
V(n-l)- leave transistor 62-1 on and transistor 62-2 
off. With both of transistors 52-1 and 62-1 on, TXON 
is pulled low very strongly by both of currents Imain 

15 and Iaux flowing away from the TXON node. This gives 
TXON its negative-going pre-emphasis (the shaded 
portion of the TXON waveform) associated with the data 
transition at time Ti . Conversely, both of transistors 
52-2 and 62-2 are off, so TXOP is pulled strongly high 

20 by power supply VDD acting through resistor R2 . This 
gives TXOP its positive-going pre-emphasis (the shaded 
portion of the TXOP waveform) associated with the data 
transition at time Ti . 

[0030] The next time the depicted clock signal has a 

25 positive-going transition, flip-flop 92 (FIG. 4) 

latches and outputs (as Q2) the high Ql output of flip- 
flop 80. This causes V(n-1)+ to go high and V(n-l)- to 
go low. V(n)+ and V(n) - are unchanged. These changes 
in V(n-1)+ and V(n-l)- cause transistor 62-1 to turn 
30 off and transistor 62-2 to turn on. Turning off 
transistor 62-1 causes TXON to be pulled low less 
strongly (because the Iaux current drain on that node 
is turned off, and only the Imain current drain on that 
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node remains) . This allows the voltage of TXON to rise 
somewhat (as shown immediately after the first shaded 
pre-emphasis area in FIG . 6) . On the other hand, 
turning on transistor 62-2 causes the Iaux current to 
5 be drawn from the TXOP node, which causes the voltage 
of that node to drop as shown after the first shaded 
pre-emphasis area in the TXOP waveform in FIG. 6. This 
condition of the circuitry and its output signals (TXOP 
and TXON) continues until the next data transition at 

10 time T j , as will now be described. 

[0031] Shortly after the data signal changes from 

high to low at time T j , the next positive-going 
transition in the depicted clock signal causes that low 
data value to be latched into and then output by flip- 

15 flop 80. This causes V(n)+ to change from high to low 
and V(n)- to change from low to high. This turns off 
transistor 52-1 and turns on transistor 52-2. The 
output of flip-flop 92 is unchanged, so transistor 62-1 
remains off and transistor 62-2 remains on. With both 

2 0 of the transistors connected to the TXON node thus off, 
that node is pulled strongly toward VDD through 
resistor Rl, giving TXON its positive-going pre- 
emphasis (the shaded area) just after Tj . On the other 
hand, with both of transistors 52-2 and 62-2 on, the 

2 5 TXOP node is pulled down strongly (by both of currents 
Imain and Iaux being drawn from that node) . This gives 
TXOP its negative-going pre-emphasis (the shaded area) 
just after Tj . 

[0032] The next positive-going transition in the 

30 depicted clock signal causes flip-flop 92 to latch in 
and then output the low data output of flip-flop 80. 
This causes V(n-1)+ to go low and V(n-l)- to go high. 
V(n)+ and V(n)- are unchanged. The low value of 
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V(n-1)+ turns off transistor 62-2, while the high value 
of V(n-l)- turns on transistor 62-1. With transistor 
62-1 on, VDD can no longer pull TXON as high as it 
previously did. Therefore, the voltage of TXON drops 
5 following its positive-going pre-emphasis period. 
Similarly, turning off transistor 62-2 reduces the 
current drain on node TXOP from Imain + Iaux to just 
Imain. This allows the voltage of TXOP to rise 
somewhat following its negative-going pre-emphasis 
10 period. 

[0033] The remainder of FIG. 6 is a repetition of 

what has now been described. 

[0034] To summarize (in other terms) what has been 

said, pre-emphasis is given to an output signal (TXOP 

15 or TXON) by connecting either both or none of Imain and 
Iaux to that output node. At the end of the pre- 
emphasis period, Iaux is switched from one output node 
to the other. This reduces the current drain on the 
output node to which both current sinks were previously 

20 connected, and it applies some current drain to the 
output node that previously had no current drain. 
[0035] The amount of pre-emphasis given by the 

circuitry of this invention depends on the relative 
strengths of current sinks Imain and Iaux. The greater 

25 that Iaux is relative to Imain, the greater the pre- 
emphasis fraction of the overall voltage swing of the 
output signal. 

[0036] FIGS. 7 and 8 are respectively like FIGS. 5 

and 6, but show an alternative use of pre-emphasis 
30 circuitry in accordance with this invention (e.g., 
circuitry as shown in FIGS. 3 and 4) with a clock 
signal having a period TC that is equal to TD. In 
other words, in FIGS. 7 and 8 TC=TD (rather than TC 
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being equal to TD/2 as in FIGS. 5 and 6). Because in 
FIGS. 7 and 8 the only real change from what has been 
described above in connection with FIGS. 3-6 is the 
length of TC relative to TD, the following further 
5 discussion of FIGS. 7 and 8 can be somewhat 

abbreviated. To more clearly reveal the operation of 
the circuitry with TC=TD, FIG. 8 shows representative 
data which does not change at every possible data 
transition time. In particular, the representative 
10 data signal does not transition at possible transition 
time Tk in FIG. 8. 

[0037] Assuming that the circuitry of FIGS. 3 and 4 

is the circuitry operating on the data and clock 
signals shown in FIG. 8 to produce the other signals 

15 shown in that FIG . , the first positive-going data pulse 
in FIG. 8 (which lasts for TD) causes V(n)+ to shortly 
thereafter go high for a period of time TC (=TD) . 
V(n-1)+ remains low during this time interval. Both of 
the transistors 52-2 and 62-2 connected to node TXOP 

2 0 are therefore off, so that node TXOP is pulled strongly 
toward VDD via resistor R2 . This gives TXOP the 
positive pre-emphasis that is shown by the left-most 
shaded region of TXOP in FIG. 8 and that lasts for 
TC=TD . At the same time, TXON is given negative pre- 

2 5 emphasis by both of transistors 52-1 and 62-1 being on. 
This negative pre-emphasis is shown by the left-most 
shaded region of TXON in FIG. 8. 

[0038] Shortly after Tj , V(n)+ and V(n-1)+ both 

change state. This causes all of transistors 52-1/2 
30 and 62-1/2 in FIG. 3 to change state. This in turn 

gives TXOP negative pre-emphasis and TXON positive pre- 
emphasis (next-to-left-most shaded regions in TXOP and 
TXON in FIG. 8) . This pre-emphasis lasts for TC=TD . 
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[0039] Shortly after possible transition time Tk, 
when the data signal does not transition, V(n)+ also 
does not transition; but V(n-1)+ does transition to 
follow the already established value of V(n)+. Because 
5 V(n)+ and V(n-1)+ are now of the same polarity, each of 
nodes TXON and TXOP has only one of Imain and Iaux 
connected to it (not both or none of Imain and Iaux as 
previously) . Accordingly, the pre-emphasis is removed 
from both of TXOP and TXON as shown by the next portion 
10 of those waveforms (near the middle of FIG. 8) having 
no shading in FIG. 8. 

[0040] Shortly after Tl , when the data signal 

transitions again, V(n)+ changes state, thereby causing 
a repetition of what is shown toward the left in FIG. 8 
15 (i.e., positive pre-emphasis given to TXOP and negative 
pre-emphasis given to TXON) . 

[0041] Shortly after Tm, when the data signal 

transitions again, the conditions shown shortly after 
Tj are repeated. Similarly, shortly after Tn, the 

20 conditions shown shortly after Ti or Tl are repeated. 
[0042] To briefly summarize the operation 

illustrated by FIGS. 7 and 8 and described above, with 
TC=TD, each data transition causes TXOP and TXON to be 
thereafter appropriately pre-emphasized for a time 

25 period TC=TD. If the data signal does not transition 
toward the end of such a pre-emphasis period, the pre- 
emphasis is removed from TXOP and TXON until shortly 
after the next transition in the data signal. FIGS. 7 
and 8 illustrate that TC does not have to be a fraction 

30 (less than one) of TD, but can be equal to TD if 
desired . 

[0043] The illustrative circuitry shown in FIGS. 3 

and 4 includes two current blocks 50 and 60. But it 
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will be understood that the principles of the invention 
can be extended to embodiments having more than two 
such current blocks (e.g., three, four, five, or more 
current blocks) . A circuit with two current blocks 
5 (e.g., as in FIGS. 3 and 4) may sometimes be referred 
to as a two- tap pre-emphasis circuit; a circuit with 
three current blocks may be referred to as a three-tap 
pre-emphasis circuit; and so on. FIGS. 9 and 10 show 
an illustrative embodiment of a three-tap pre-emphasis 

10 circuit. In addition to having all the same elements 
as the two-tap circuit (FIGS. 3 and 4), the three-tap 
circuitry shown in FIG. 9 has another current block 70 
connected in parallel with blocks 50 and 60, and the 
three-tap control circuitry shown in FIG. 10 has 

15 another flip-flop 104 cascaded from flip-flop 92 and 
clocked by the same clock signal as flip-flops 80 and 
92. Also in FIG. 10 transmission gates 84 and 94 are 
added and have the same propagation delay as flip-flop 
104. All of buffers 86, 96, and 106 in FIG. 10 have 

2 0 the same propagation delay. The output of flip-flop 
104 (buffered by buffer 106) is the control signal 
V(n-2)+, which (with its straight -forwardly produced 
complement V(n-2)-) provides control for current block 
70 in FIG. 9. Any of the current sources in FIG. 9 can 

25 be Imain, while the others are Iaux current sources. 
The relative sizes of these current sources can be 
selected as desired to give desired amounts and shapes 
of pre-emphasis to the output signals TXOP and/or TXON. 
Multiple Iaux current sources can be of different 

30 sizes, if desired. 

[0044] FIG. 11 shows an example of operating 

circuitry of the type shown in FIGS. 9 and 10 with a 
clock signal having TC=TD/4 . Because the circuitry of 
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FIGS. 9 and 10 has three taps, TXOP is initially given 
(shortly after each transition in the data signal) a 
first relatively high amount of pre-emphasis (i.e., the 
sum of two shaded pre-emphasis regions in FIG. 11) . 
5 This is because either none or all of the Imain and 
Iaux current sources are then connected to node TXOP. 
An interval TC later, the amount of pre-emphasis drops 
to a second relatively low amount (i.e., only one 
remaining shaded pre-emphasis region in FIG. 11). This 

10 is because the current source connections controlled by 
V(n-1)+ and V(n-l)- then switch the associated current 
source (in block 60) to the node (TXON or TXOP) to 
which that current source was not previously connected. 
A further interval TC later, all pre-emphasis is 

15 removed. This is because the current source 

connections controlled by V(n-2)+ and V(n-2)- then 
switch the associated current source (in block 70) to 
the node (TXON or TXOP) to which that current source 
was not previously connected. 

20 [0045] It will be understood that the amount, 

duration, and shape of the pre-emphasis provided in 
accordance with this invention can be selected as 
desired by selecting such parameters as (1) the number 
of taps employed in the circuitry, (2) the sizes of the 

25 various Imain and Iaux current circuits, and (3) the 

relationship of TC to TD (e.g., whether TC=TD, TC=TD/2, 
TC=TD/3, or TC=TD/4, etc.). 

[0046] It will also be understood that although 

differential signalling has generally been shown and 
30 described herein, the invention is equally applicable 
to single-ended (i.e., non-differential) signalling. 
For example, single-ended signalling with pre-emphasis 
in accordance with this invention can be provided by 
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using only one (i.e., TXOP or TXON) of the outputs of 
the illustrative circuitry shown herein. FIG. 11 may 
be taken as an illustration of this in which only TXOP 
is shown (although it will also be understood that 
5 FIG. 11 can be straight -forwardly extended to also 

included TXON as the complement of TXOP if differential 
signalling is desired) . 

[0047] Although the circuitry of this invention has 
many other possible applications, one illustrative use 

10 is shown in FIG. 12. In FIG. 12, programmable logic 
device ("PLD") 100 is an integrated circuit that 
includes programmable logic circuitry 110 and output 
driver circuitry 22 (as described earlier in this 
specification) . PLD 100 may be field programmable, 

15 mask programmable, or programmable in any other way. 
It may be one- time -only programmable, or it may be 
reprogrammable. The programmable logic circuitry 110 
of PLD 100 produces a data output signal on lead 112 
that is applied to output driver circuitry 2 2 . 

20 Circuitry 22 converts this to differential output 

signals TXOP and TXON, with pre-emphasis , as described 
earlier in this specification. Thus PLD 100 is one 
illustrative embodiment of transmitter circuitry 20 of 
the general type shown in FIG. 1. (If only single- 

25 ended signalling is desired, only one or the other of 
TXOP or TXON is used as mentioned above.) 
[0048] FIG. 13 shows an illustrative larger context 

in which the invention may be employed. The invention 
can be used for driving one or more output signals from 

30 any one or more of elements 100, 204, 206, 208, and 210 
out onto system bus or other interconnections 220. 
Although the invention is equally applicable in many 
other types of systems, the illustrative system 202 
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shown in FIG. 13 may be generally described as a data 
processing system. 

[0049] Data processing system 2 02 may include one or 
more of the following components: PLD or other 
5 circuitry 100 like that shown in FIG. 7, a processor 
204, a memory 2 06, I/O circuitry 208, and peripheral 
devices 210. These components are coupled together by 
a system bus or other interconnections 220, and are 
populated on a circuit board 230 (e.g., a printed 

10 circuit board) that is contained in an end-user system 
240. Communication among the various components shown 
in FIG. 13 and/or with external circuitry may be of the 
type described earlier in this specification to any 
desired extent. 

15 [0050] System 202 can be used in a wide variety of 

applications, such as computer networking, data 
networking, instrumentation, video processing, digital 
signal processing, or the like. Circuitry 100 can be 
used to perform a variety of different logic functions. 

2 0 For example, circuitry 100 can be configured as a 

processor or controller that works in cooperation with 
processor 204. Circuitry 100 may also be used as an 
arbiter for arbitrating access to a shared resource in 
system 202. In yet another example, circuitry 100 can 

25 be configured as an interface between processor 204 and 
one of the other components of system 202. It should 
be noted that system 2 02 is only exemplary, and that 
the true scope and spirit of the invention should be 
indicated by the following claims. 

30 [0051] It will be understood that the foregoing is 

only illustrative of the principles of the invention, 
and that various modifications can be made by those 
skilled in the art without departing from the scope and 
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spirit of the invention. For example, the relative 
sizes of Imain and the auxiliary current sink(s) Iaux 
can be varied so that the circuit gives the output 
signals different amounts and/or shapes of pre- 
5 emphasis. As another example, the frequency of the 
depicted clock signal can be changed to change the 
duration of the pre-emphasis relative to the duration 
TD of a data pulse. Pre-emphasis can be implemented in 
two-tap (e.g., FIGS. 3 and 4) or multi-tap (e.g., as 
10 shown and described in connection with FIGS. 9 and 10) 
circuit configurations . 



